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In re Application of 
Kazufumi NISHIDA, et al. 

Serial No. : : Group Art Unit: 
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For: POLYMER ELECTROLYTE FUEL CELL 




PRELIMINARY AMENDMENT 

Honorable Commissioner for Patents and Trademarks 
Washington, D. C. 20231 

Sir: 

Prior to the examination of the above-identified application, please amend the 
application as follows: 



IN THE CLAIMS : 

Please replace the attached Amended claims under PCT Article 34 with the 
claims as filed. 

Please amend claim 12 to read as follows: 

12. (Amended) The polymer electrolyte fuel cell as set forth in claim 1, 
wherein said anode-side conductive separator plate comprises a metal plate having 
grooves or ribs for guiding the fuel gas on its surface facing said anode, and an insulating 
sheet that forms a gas channel for guiding the fuel gas from a fluid inlet opening of a supply 
side to a fluid outlet opening of a discharge side on the surface of said metal plate in 
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cooperation with said grooves or ribs, and that has elasticity to function as a gasket for 
preventing the fiiel gas from leaking out of said gas channel, and 

said cathode-side conductive separator plate comprises a metal plate havuig grooves 
or ribs for guiding the oxidant gas on its surface facing said cathode, and an insulating sheet 
that forms a gas channel for guiding the oxidant gas from a fluid inlet opemng of a supply 
side to a fluid outlet opening of a discharge side on the surface of said metal plate in 
cooperation with said grooves or ribs, and that has elasticity to fimction as a gasket for 
preventing the oxidant gas from leaking out of said gas channel. 

Please add new claims 13 and 14 as follows: 

13. The polymer electrolyte ftiel cell as set forth in claim 6, 

wherein said anode-side conductive separator plate comprises a metal plate having 
grooves or ribs for guiding the ftiel gas on its surface facing said anode, and an insulating 
sheet that forms a gas channel for guiding the ftiel gas from a fluid inlet opemng of a supply 
side to a fluid outlet opening of a discharge side on the surface of said metal plate in 
cooperation with said grooves or ribs, and that has elasticity to fimction as a gasket for 
preventing the fiiel gas from leaking out of said gas channel, and 

said cathode-side conductive separator plate comprises a metal plate having grooves 
or ribs for guiding the oxidant gas on its surface facing said cathode, and an msulating sheet 
that forms a gas channel for guiding the oxidant gas from a fluid inlet opemng of a supply 
side to a fluid ouflet opening of a discharge side on the surface of said metal plate in 
cooperation witii said grooves or ribs, and that has elasticity to fimction as a gasket for 
preventing the oxidant gas from leaking out of said gas channel. 
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14. The polymer electrolyte fuel cell as set forth in claim 1 1 

wherein said anode-side conductive separator plate comprises a metal plate having 
grooves or ribs for guiding the fuel gas on its surface facing said anode, and an insulating 
sheet that forms a gas channel for guiding the fuel gas from a fluid inlet opening of a supply 
side to a fluid outlet opening of a discharge side on the surface of said metal plate in 
cooperation with said grooves or ribs, and that has elasticity to function as a gasket for 
preventing the fuel gas from leaking out of said gas channel, and 

said cathode-side conductive separator plate comprises a metal plate having grooves 
or ribs for guiding the oxidant gas on its surface facing said cathode, and an insulating sheet 
that forms a gas channel for guiding the oxidant gas from a fluid inlet opening of a supply 
side to a fluid outlet opening of a discharge side on the surface of said metal plate in 
cooperation with said grooves or ribs, and that has elasticity to function as a gasket for 
preventing the oxidant gas from leaking out of said gas channel. 

REMARKS 

The foregoing preliminary amendment eliminates the multiple dependent claims 
from the appUcation. The claims as amended under PCT Article 34 have replaced the 
original claims. New claims 13 and 14 are identical to original claim 12, with the exception 
tiiat the dependency tiiereof has been modified. Entry of the preliminary amendment is 
respectfully sohcited. 

Respectfully submitted, 
MCDERMOTT, WILL & EMERY 



600 13* Street, N.W. 
Washington, DC 20005-3096 
(202)756-8000 MEF:prp 
Facsimile: (202)756-8087 
Date: March 15, 2002 
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MARKED-UP VERSION OF AMENDED CLAIMS 
Claim 12 has been amended as follows: 

12. (Amended) The polymer electrolyte fiiel cell as set forth in claim 1, [6 or 1 1,] 
wherein said anode-side conductive separator plate comprises a metal plate having 
grooves or ribs for guiding the fuel gas on its surface facing said anode, and an insulating 
sheet that forms a gas channel for guiding the fiiel gas from a fluid inlet opening of a supply 
side to a fluid outlet opening of a discharge side on the surface of said metal plate in 
cooperation with said grooves or ribs, and that has elasticity to function as a gasket for 
preventing the fuel gas from leaking out of said gas channel, and 

said cathode-side conductive separator plate comprises a metal plate having grooves 
or ribs for guiding the oxidant gas on its surface facing said cathode, and an insulating sheet 
that forms a gas channel for guiding the oxidant gas from a fluid inlet opening of a supply 
side to a fluid outlet opening of a discharge side on the surface of said metal plate in 
cooperation with said grooves or ribs, and that has elasticity to flmction as a gasket for 
preventing the oxidant gas from leaking out of said gas channel. 

Claims 13 and 14 have been added as follows: 

13. The polvmer electrolvte fuel cell as set forth in claim 6. 
wherein said anode-si de conductive separator plate comprises a metal plate having grooves 
or ribs for guiding the fiiel gas on its surface facing said anode, and an insulating sheet that 
forms a gas channel for guiding the fiiel g as from a fluid inlet opening of a suppIv side to a 
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fluid outlet opening of a discharge side on the surface of said metal plate in cooneration with 
said grooves or ribs, an d that has elasticity to function as a gasket for preventing the fiiel eas 
from leaking out of said gas channel, and 

said cathode-side conductive separ ator plate comprises a metal plate having grooves or ribs 
for g:uiding the oxidant gas on its surf ace facing said cathode, and an insulating sheet that 
forms a gas channel for g uiding the oxidant gas from a fluid inlet opening of a supply side to 
a fluid outlet opening of a discharge si de on the surface of said metal plate in cooperation 
with said grooves or ribs, and that has elasticity to function as a gasket for preventing the 
oxidant g as from leaking out of said gas channel. 

14. The polvmer electrolyte fuel cell as set forth in claim 1 1 
wherein said anode-side conductive s eparator plate comprises a metal plate having grooves 
or ribs for guiding the fuel gas on i ts surface facing said anode, and an insulating sheet that 
forms a gas channel for guiding the fiiel gas from a fluid inlet opening of a supply side to a 
fluid outlet opening of a discharge s ide on the surface of said metal plate in cooperation with 
said grooves or ribs, and that has elast icity to function as a gasket for preventing the fuel gas 
from leaking out of said gas channel, and 

said cathode-side conductive separato r plate comprises a metal plate having grooves or ribs 
for guiding the oxidant gas on its sur face facing said cathode, and an insulating sheet that 
forms a gas channel for guiding the oxidant gas from a fluid inlet opening of a supp ly side fo 
a fluid outlet opening of a discharge sid e on the surface of said metal plate in coop eration 
with said grooves or ribs, and that has elasticity to fiinction as a gasket for preventing the 
oxidant gas from leaking out of said gas channel. 
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DESCRIPTION 



POLYMER ELECTROLYTE FUEL CELL 



Technical Field 

The present invention relates to a solid polymer 
electrolyte fuel cell used for portable power sources, 
electric vehicle power sources, domestic cogeneration systems, 
etc . , and more particularly to an improvement of its 
conductive separator plate. 



Background Art 

A fuel cell using a solid polymer electrolyte 
generates electric power and heat simultaneously by 
electrochemically reacting a fuel gas containing hydrogen with 
an oxidant gas containing oxygen such as air. This fuel cell 
is basiceilly composed of a polymer electrolyte membrane that 
selectively transports hydrogen ions, and a pair of electrodes, 
namely, an anode and a cathode, formed on both surfaces of the 
polymer electrolyte membrane. The above-mentioned electrode 
usually connprises a catalyst layer which is composed mainly of 
a carbon powder carrying a platinum group metal catalyst and 
formed on the surface of the polymer electrolyte membrane; and 
a diffusion layer which has both gas permeability and 
electronic conductivity and is formed on the outside surface 
of this catalyst layer. 
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Moreover, in order to prevent leakage of the fuel 
gas and oxidant gas supplied to the electrodes and prevent 
mixing of the two kinds of gases, gas sealing materials or 
gaskets are provided on the periphery of the electrodes with 
the polymer electrolyte membrane therebetween. These sealing 
materials and gaskets are assembled into a single peirt 
together with the electrodes and polymer electrolyte membrane 
in advance. This part is called "MEA" (electrolyte membrane 
and electrode assembly) . Disposed outside of the MEA are 
conductive separator plates for mechanically securing the MEA 
and for electrically connecting adjacent MEAs in series or in 
parallel in some occasion. A portion of the separator plates, 
which is in contact with the MEA. is provided with a gas 
channel for supplying a reacting gas to the electrode surface 
and for removing a generated gas and excess gas. It is 
possible to provide the gas channels separately from the 
separator plates, but grooves are usually formed in a surface 
of the separator plate to serve as the gas channels. 

In order to supply the fuel gas and oxidant gas to 
these grooves, it is necessary to branch pipes that supply the 
fuel gas cind the oxidant gas, respectively, according to the 
number of separator plates to be used and to use piping jigs 
for connecting an end of the branch directly to the groove of 
the separator plate. This jig is called "manifold", and a 
type of manifold that directly connects the supply pipes of 
the fuel gas and oxidant gas to the grooves as mentioned above 
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is called "external manifold". There is a type of manifold, 
called "internal manifold", with, a more simple structure. The 
internal manifold is configured such that through holes are 
formed in the separator plates having gas channels and the 
inlet and outlet of the gas channels are extended to the holes 
so as to supply the fuel gas and oxidant gas directly from the 
holes . 

Since the fuel cell generates heat during operation, 
it is necessary to cool the cell with cooling water or the 
like in order to keep the cell in a good temperature condition. 
In general, a cooling section for feeding the cooling water is 
provided for every one to three cells. There are a t3fpe in 
which the cooling section is inserted between the separator 
plates and a type in which a cooling water channel is provided 
in the rear surface of the separator plate so as to serve as 
the cooling section, and the latter type is often used. The 
structure of a common cell stack is obtained by placing these 
MEAs, separator plates and cooling sections one upon another 
to form a stack of 10 to 200 cells, sandwiching this stack by 
end plates with a current collector plate and an insulating 
plate between the stack and each end plate and securing them 
with clamping bolts from both sides. 

In such a polymer electrol3rte fuel cell, the 
separator plates need to have a high conductivity, high air- 
tightness for the fuel gas and oxidant gas, and high corrosion 
resistance against a reaction of hydrogen /oxygen oxidation- 
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reduction. For such reasons, a conventional separator plate 
is usually formed of carbon material such as glassy carbon and 
expanded graphite, and the gas channel is produced by cutting 
a surface of the separator plate, or by molding with a mold 
when the expanded graphite is used. 

With a conventional method employing the cutting of 
a carbon plate, it was difficult to reduce the cost of the 
material of the carbon plate and the cost of cutting the 
carbon plate. Besides, a method using expanded graphite also 
suffered from a high cost of material, and it has been 
considered that the high cost of material prevents a practical 
application of this method. 

In recent years, attempts to use a metal plate, such 
as stainless steel, in place of the conventionally used carbon 
material have been made. 

However, in the above-mentioned method using a metal 
plate, since the metal plate is exposed to an acidic 
atmosphere of the pH of around 2 to 3 at high temperatures, 
the corrosion and dissolution of the metal plate will occur 
when used in a long time. The corrosion of the metal plate 
increases the electric resistance in the corroded portion 
and decreases the output of the cell. Moreover, when the 
metal plate is dissolved, the dissolved metal ions diffuse 
in the polymer electrolyte membrane and trapped at the ion 
exchange site of the polymer electrolyte membrane, 
resulting in a lowering of the ionic conductivity of the 
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polymer electrolyte itself. For these causes, when a cell 
using a metal plate as it is for a separator plate was 
operated for a long time, a problem arises that the power 
generating efficiency is gradually lowered. 

It is an object of the present invention to improve 
a separator plate for use in fuel cells and provide a 
separator plate which is composed of a metal material that can 

O be easily processed, restrained from corrosion and dissolution 

D ■ 

to maintain chemical inactivity even when its surface to be 

CO ■ 

Um. exposed to a gas is exposed to an acidic atmosphere, and has 

Gl good conductivity. 

b . 
w 

|« Disclosure of Invention 

iri 

C3 A polymer electrolyte fuel cell of the present 

fll ■ 

invention comprises: a polymer electrolyte membrane; an anode 
and a cathode sandwiching the polymer electrolyte membrane 
therebetween; em anode-side conductive separator plate having 
a gas channel for supplying a fuel gas to the anode; and a 
cathode-side conductive separator plate having a gas channel 
for supplying an oxidant gas to the cathode, and is 
characterized in that each of the anode -side and cathode- side 
conductive separator plates comprises a metal and an oxidation 
resistant conductive film coating a surface of the metal 
facing the anode or cathode with a specific intermediate layer 
between the surface and the conductive film. 
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Brief Description of Drawings 

FIG. 1 is a cross sectional view depicting 
essential sections of a fuel cell according to an example 
of the present invention. 

FIG. 2 is a plan view of an anode- side separator 
plate of the fuel cell. 

FIG. 3 is a plan view of a cathode-side separator 
plate of the fuel cell. 

FIG. 4 is a plan view of a metal plate 
constituting the anode-side separator plate. 

FIG. 5 is a plan view of an insulating sheet 
constituting the anode- side separator plate. 

FIG. 6 is a drawing showing the output 
characteristics of fuel cells of an example of the present 
invention and a comparative example. 

FIG. 7 is a cross sectional view showing the process 
of surface -treating a metal substrate of a separator plate 
according to another example of the present invention. 

FIG. 8 is a cross sectional view showing the process 
of surf ace -treating a metal substrate according to still 
another example of the present invention. 

FIG. 9 is a cross sectional view showing the process 
of surf ace -treating a metal substrate according to another 
example of the present invention. 



Best Mode for Carrying Out the Invention 
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A separator plate of the present invention is 
basically composed of a metal plate whose surface is coated 
with an oxidation-resistant conductive film with a specific 
intermediate layer between the surface and the conductive 
film. Further, this metal plate is provided with ribs or 
grooves for forming a gas channel by a process such as 
press working . 

A preferred separator plate of the present 
invention is composed of a combination of the above- 
mentioned processed metal plate, which has ribs or grooves 
for guiding a fuel gas or an oxidant gas on a surface 
facing the electrode, and an insulating sheet that has 
elasticity and functions as a gasket . The insulating sheet 
forms the gas channel for guiding the fuel gas or the 
oxidant gas from the supply side to the discharge side in 
cooperation with the ribs or grooves of the metal plate, 
and also functions as a gasket for preventing leakage of 
the fuel gas or oxidant gas out of the gas channel. 

As the metal plate on which the conductive film 
is formed, it is possible to use a metal plate such as 
stainless steel and aluminum, which has excellent 
conductivity and allows easy formation of ribs or grooves 
serving as the gas channel by a process such as press 
working . 

In a preferred mode, the oxidation-resistant 
conductive film covering the surface of the metal plate is 
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composed of noble metal such as Au, Pt, Rh and Pd. In 
another preferred mode, the conductive film is composed of 
an interstitial compound (or a so-called interstitial 
alloy) obtained by doping at least one kind of nonmetal 
selected from the group consisting of hydrogen, nitrogen, 
carbon and boron in a transition metal. Among interstitial 
compounds, nitrides such as TIN, ZrN, TiAlN, TiZrN, TaN, WN, 
and CrN; and carbides such as TiC. ZrC, WC, and TaC are 
particularly preferred. In the case of such a conductive 
film, the intermediate layer formed at the interface 
between the conductive film and the metal plate is a 
diffused layer resulting from diffusion of the conductive 
film material into the metal plate. 

In order to form the film composed of the above- 
mentioned noble metal, it is preferable to use rf 
sputtering- However, it is also possible to form the film 
by chemical evaporation, plating or other method. As the 
method of forming the conductive film composed of nitride 
mentioned above, sputtering under an atmosphere containing 
a nitrogen gas with the use of a metal that forms the 
nitride is preferred, while, as the method of forming the 
conductive film composed of carbide mentioned above, 
sputtering using the carbide as the target is preferred. 
In order to form the diffused layer after the formation of 
such a conductive film, it is preferred to perform a heat 
treatment at 250 to 400°C for 5 minutes to 2 hours under a 
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non-oxidizing atmosphere, more specifically the atmosphere 
of argon, nitrogen or vacuum (0.1 Pa or less). 

In another mode, the conductive film and the 
diffused layer cover the surface of the metal plate in an 
island pattern. In this case, it is preferred to form a 
corrosion-resistant film in a portion of the metal plate 
where the conductive film is not formed. The area of each 
island- like coated portion is at least 50 angstrom X 50 
angstrom, and the percentage of the total coated portions 
is preferably 30% or more in the area ratio. 

In another preferred mode, the oxidation-resistant 
conductive film covering the surface of the metal plate is a 
compound as exemplified above and composed of a nitride or 
carbide of an element selected from the group consisting of Ti, 
Cr, Zr, Al, Ta, and W. In the case of such a conductive film, 
the intermediate layer formed at the interface between the 
conductive film and the metal plate is composed of a metal 
element that forms the conductive compound film. In order to 
form such a conductive compound film, first, the intermediate 
layer made of the metal element that forms the conductive 
compound is formed on the surface of the metal plate, and then 
the conductive compound film is formed on the intermediate 
layer. This intermediate layer improves the adhesion between 
the metal substrate and the conductive film, and can also 
prevent pinholes. As the method of forming such an 
intermediate layer and conductive compound film, rf sputtering 
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as mentioned above is preferred. In addition, if an 
inclination Is provided In the percentage content of the metal 
element in the conductive film so that the percentage content 
decreases from the interface between the conductive film and 
intermediate layer toward the direction of the surface of the 
conductive film, it is possible to Improve the adhesion 
between the metal separator plate and the conducive film, 
relax the residual stress on the film, and further prevent 
pinholes. As the method of controlling the percentage content 
of the metal atom in the conductive film composed of nitride, 
as shown in later-described examples, it is preferred to use a 
method that controls the flow ratio of nitrogen in the 
sputtering gas or a method that controls the rf power in 
producing the nitride of metal by sputtering the metal under 
an atmosphere containing nitrogen. Further, as the method of 
controlling the percentage content of the metal atom in the 
conductive film composed of carbide, a method that controls a 
reaction gas in producing the metal carbide by an organic 
metal CVD method is used. 

The corrosion resistance of the metal having the 
intermediate layer and conductive compound film formed as 
described above Is Improved by further applying a heat 
treatment. Preferred heat -treatment conditions are applying a 
heat treatment at 200 to 500t:, more preferably 250 to 400'C, 
for 30 minutes to 2 hours under a non-oxidizing atmosphere, 
more specifically the atmosphere of argon, nitrogen or vacuum 
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(0.1 Pa or less). By this heat treatment, a diffused layer 
resulting from diffusion of the metal element of the 
intermediate layer into the metal substrate is formed. 

Next, referring to FIG. 1 through FIG. 5, the 
following description will explain examples of the 
structure of a fuel cell according to the present invention. 
The structural drawings used here are intended to 
facilitate understanding, and the relative sizes and 
positional relations of the respective elements are not 
necessarily exact. 

FIG. 1 is a cross sectional view depicting 
essential sections of a fuel cell stack, FIG. 2 is a plan 
view of its anode-side separator plate, and FIG. 3 is a 
plan view of its cathode- side separator plate. 

10 represents an electrolyte membrane and 
electrode assembly (hereinafter referred to as "MEA" ) 
composed of a solid electrolyte membrane 11, an anode 12 
and a cathode 13 bonded to both surfaces of the solid 
electrolyte membrane 11, gaskets 14 and 15 arranged on the 
peripheral portions thereof, etc. An anode-side separator 
plate 21 and a cathode -side separator plate 31 are disposed 
on the outside of the MEA. The MEA 10 and the separator 
plates 21 and 31 constitute a unit cell, and a plurality of 
such unit cells are stacked so that they are connected in 
series. In this example, a conductive metal mesh 16 and a 
gasket 17 are inserted between the separator plates 21 and 
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31 of every two cells so as to form a cooling section for 
passing cooling water. 

The anode-side separator plate 21 is constructed 
by sticking a metal plate 22 shown in FIG. 4 and an 
insulating sheet 27 shown in FIG. 5 together. The metal 
plate 22 has an array of protruding ribs 23 formed at the 
center of one major surface facing the anode by press 
working, and fluid inlet openings 24a, 25a, 26a and fluid 
outlet openings 24b, 25b, 26b on the right and left. 
Meanwhile, when the insulating sheet 27 fabricated by 
stamping a sheet is stuck to a surface of the metal plate 
22 having the ribs 23, a groove 28 is foarmed for guiding a 
fluid, i.e., a fuel gas, from the fluid inlet opening 24a 
to the fluid outlet opening 24b, and, when the insulating 
sheet 27 is closely attached to the anode, it functions as 
a gasket for preventing the fuel gas from leaking out of 
the groove 28 and for preventing the fluid passing through 
the openings 25a, 25b and openings 26a, 26b from leaking 
out . 

The groove 28 formed on the surface of the 
separator plate 21, by the assemblage of the ribs 23 of the 
metal plate 22 and rib pieces 29 of the sheet 27, 
cooperates with two grooves 23' formed on both sides of the 
ribs 23 to pass the fuel gas. 

As shown in FIG. 3. the cathode-side separator 
plate 31 is composed of a metal plate 32 having an array of 
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protruding ribs 33 formed at the center of one major 
surface facing the cathode by press working and fluid inlet 
openings 34a, 35a, 36a and fluid outlet openings 34b, 35b, 
36b on the right and left; and an insulating sheet 37 stuck 
to the surface having the ribs 33. Formed on the surface 
of this cathode-side separator plate 31 facing the cathode 
is a groove 38 for guiding a fluid, i.e., an oxidant gas 
from the fluid inlet opening 36a to the fluid outlet 
opening 36b. Besides, the sheet 37 functions as a gasket 
for preventing the oxidant gas from leaking out of the 
groove 38 and for preventing the fluid passing through the 
openings 34a, 35a and openings 34b, 35b from leaking out. 

The groove 38, by the assemblage of the ribs 33 
of the metal plate 32 and rib pieces 39 of the sheet 37, 
cooperates with four grooves 33' formed between the ribs 33 
to pass the oxidant gas . 

Thus, when the separator plate is comprised of a 
combination of the metal plate having a plurality of ribs 
formed by press working and the insulating sheet stamped, 
it is possible to change the size of the fluid passage 
groove by only changing the shape of the insulating sheet - 

In the above-mentioned example, the cross- 
sectional area of ■ the channel formed between the ribs 33 as 
a gas channel running to the groove 38 of the cathode- side 
separator plate 31 is three times larger than the cross - 
sectional area of the channel formed between the ribs 23 as 
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a gas channel running to the groove 28 of the anode-side 
separator plate 21. It is therefore possible to make the 
flow rate of the oxidant gas greater than that of the fuel 
gas. 

In the above-mentioned exeiraple, while each of the 
anode- side conductive separator plate and the cathode- side 
separator plate is independently fabricated, it is also 
possible to construct the anode-side conductive separator 
plate and the cathode-side separator plate as one piece of 
separator plate so that one of the surfaces is an anode- 
side conductive separator plate and the other surface is a 
cathode-side conductive separator plate. 

The following description will explain examples 
of the present invention with reference to the drawings. 

Example 1 

An electrode catalyst carrying platinxam particles 
with an average particle diameter of about 30 angstroms on 
an acetylene black was prepared. The weight ratio of 
carbon to platinum in this electrode catalyst was 3:1. A 
dispersion of a perf luorocarbon sulfonic acid powder in eui 
ethyl alcohol was mixed with a dispersion of this catalyst 
powder in isopropanaol to form a paste. This paste was 
printed on one of the surfaces of a 250 pm thick carbon 
nonwoven fabric by screen printing to form an electrode 
catalyst layer. The catalyst layer was formed so that the 
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amounts of platinum and perf luorocarbon sulfonic acid 
contained were 0.5 mg/cm^ and 1.2 mg/cm^, respectively. By 
forming the catalyst layer on the carbon nonwoven fabric in 
this manner, an anode and a cathode having the same 
structure were fabricated. 

An electrolyte membrane and electrode assembly 
(MEA) was fabricated by bonding these electrodes to both 
surfaces of the center part of a proton conductive polymer 
electrolyte membreuie having an area slightly larger than 
the electrode by hot pressing so that the catalyst layer 
was in contact with the electrolyte membrane- The proton 
conductive polymer electrolyte used here was a 25 pm- thick 
thin film of perf luorocarbon sulfonic acid represented by 
the formula shown below, where x= 1, y= 2, m= 5 to 13.5, 
and n ^ 1000. Further, the perf luorocarbon sulfonic acid 
mixed with the catalyst layer was the same compound as the 
above-mentioned electrolyte membrane. 
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Next, a process of fabricating the conductive 
separator plate will be explained. As shown in FIG. 3, the 
ribs 23 with a width of about 2.8 mm and a height of about 
1 mm were formed at a pitch of 5 . 6 mm in a 10 cm x 9 cm 
area at the center of a 0.3 mm thick stainless steel SUS316 
plate by press working. Thereafter, Au was formed in a 
thickness of 0.2 pm on the surface of this plate by rf 
magnetron sputtering. The film forming conditions were an 
argon atmosphere, a rf power of 300 W, a film forming time 
of 15 minutes, and a substrate temperature of 200*0. Note 
that, before the film forming, the substrate was cleaned by 
reverse sputtering so as to remove a naturally oxidized 
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film on its surface (this is also performed in later- 
described examples) . 

Conductive films made of various kinds of noble 
metals, nitrides and carbides were formed in the same 
manner. The film forming conditions of these conductive 
films are respectively shown in Table 1, Table 2 and Table 
3. 



Table 1 



Conductive Target 


Film 


Resistivity 


film material 


thickness (pm) 


{ piQ*cm) 


Au Au 


0.2 


2.6 


Pt Pt 


0.25 


12 


Rh Rh 


0.2 


14 


Pd Pd 


0.25 


7.2 


Film forming conditions 






Substrate temperature: 200°C, Ar = 


20 seem 


Plasma power: 


300 W, Film forming 


time: 15 min. 




Table 2 




Conductive Target 


Film 


Resistivity 


film material 


thickness (van) 


(pQcm) 


TiN Ti 


0.4 


20-200 


ZrN Zr 


0.4 


10-150 


TiAlN Ti+Al 


0.4 


100-1000 


TiZrN Ti+Zr 


0.4 


50-800 


TaN Ta 


0.35 


200-2000 


WN W 


0.35 


400-10000 


CrN Cr 


0.45 


3000-10000 



Film forming conditions 



Substrate temperature: 200°C. Ar/Ns = 12/8 seem 
Plasma power: 200 W, Film forming time: 30 min. 
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Table 3 



Conductive 


Target 


Film 


Resistivity 


film material 




thickness (lam) 


(pQcm) 


TiC 


TiC 


0-3 


40-400 


ZrC 


ZrC 


0.3 


40-400 


WC 


WC 


0.25 


20-400 


TaC 


TaC 


0.25 


15-200 



Film forming conditions 

Substrate temperature: 200°C, Ar = 20 seem 
Plasma power: 200 W, Film forming time: 30 min. 



Subsequently, by heat-treating the conductive 
separator plate on which the conductive film was formed, a 
diffused layer resulting from diffusion of the conductive 
film material into the metal substrate was formed. The 
heat treatment was performed at a heating temperature of 
300°C for one hour under a vacuum atmosphere (0.1 Pa or 
less). After the heat treatment, the resistivity increased 
by around 5 to 20%, but there was no significant effect on 
the characteristics of the fuel cell. However, with the 
formation of the diffused layer between the conductive film 
and the separator plate, there was a significant 
improvement of the chemical resistance. Actually, a sample 
that was prepared by forming only the conductive film on 
the stainless steel SUS substrate and the same stainless 
substrate on which the conductive film and the diffused 
layer were formed were immersed in a 0.01 N sulfuric acid 
at 80°C for 500 hours, and, as the results of visual 
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observation of the corrosion state, corrosion which would 
be attributable to pinholes in the film was recognized in 
the sample in which only the conductive film was formed. 
On the other hand, corrosion was not recognized in the 
sample having the diffused layer. It can be understood 
from the above that it is possible to improve a chemical 
resistance to the diffused layer itself and reduce pinholes 
in the conductive film by the formation of the diffused 
layer . 

The fluid inlet openings 24a, 25a, 26a and fluid 
outlet openings 24b, 25b. 26b were formed in the metal 
substrate 22 made of the stainless steel on which the 
conductive film was formed as described above and the 
diffused layer was foimed by the heat treatment. Next, the 
anode-side separator plate 21 was fabricated by sticking 
the insulating sheet 27 made of a phenol resin with a 
thickness of about 1 mm shown in FIG. 5 to a surface of the 
metal substrate on which the conductive film was formed. 
Similarly, the fluid inlet openings 34a, 35a, 36a and fluid 
outlet openings 34b, 35b, 36b were formed in the metal 
substrate 32 treated in the same manner, and the cathode- 
side separator plate 31 was fabricated by sticking the 
insulating- sheet 37 made of a phenol resin with a thickness 
of about 1 mm to a surface on which the conductive film was 
formed. 

These separator plates were combined with the 
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above-mentioned MEAs to stack 50 cells, and the resulting 
cell stack was clamped via current collector plates and 
insulating plates by stainless steel end plates and 
clamping rods with a pressure of 20 kgf/cm^. If the 
clamping pressure is too small, a gas leakage occurs and 
the contact resistance between the conductive members 
increases, and therefore the cell performance is degraded. 
On the other hand, if the clamping pressure is to large, 
the electrodes are broken or the separator plates are 
deformed, and thus it is necessary to change the clamping 
pressure according to the design of the gas flow grooves . 

As comparative examples, a fuel cell using 
separator plates on which a conductive film was formed of 
Au, but no diffused layer was foanned, was prepared as 
Comparative Example 1; and a fuel cell using separator 
plates made of stainless steel SUS316 plates to which a 
surface treatment was not applied was prepared as 
Comparative Example 2. 

Each of the fuel cell of this example using a 
separator plate on which the conductive film was formed of 
Au and further the diffused layer was formed and the fuel 
cells of Comparative Example 1 and Comparative Example 2 
was held at SS'G, and a hydrogen gas which was humidified 
and heated to a dew point of SS'C was supplied to the anode, 
while the air which was humidified and heated to a dew 
point of VS'C was supplied to the cathode. As a result, an 
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open circuit voltage of 50 V was exhibited in a no-load 
condition in which a current was not output. 

These cells were subjected to the continuous 
power generation test under the conditions of the fuel 
utilization ratio of 80%, the oxygen utilization ratio of 
40% and the current density of 0.5 A/cm^, and the changes 
of their output characteristics with time are shown in FIG. 
6. As a result, the output of the cell of Comparative 
Example 2 was lowered with the passage of time, while the 
cells of Comparative Example 1 and Example 1 kept the cell 
output of about 1000 W (22 V - 45 A) over 8000 hours. In 
the cell of Example 1, since the diffused layer was formed 
between the metal substrate of the separator plate and the 
conductive film, the amount of the output decrease in a 
long operating time was reduced. The output of the cell of 
this exeimple was larger than the output of the cell of 
Comparative Example 1 after the operating time of 3000 
hours. The reason for this would be that the corrosion 
resistance of the metal substrate of the separator plate 
was improved by the formation of the diffused layer - 

Under the same operating conditions as above, 
cells using metal separator plates having other conductive 
films were examined for the cell outputs at an initial 
stage (10 hours later from the start of operation) and upon 
passage of 8000 hours of the operating time. The results 
are shown in Table 4. 
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Table 4 


Conductive film 


Output 


(W) 






Initial stage 


8000 


hours later 


Pt 


1170 




1130 


Rh 


1170 




1120 


Pd 


1190 




1150 


TIN 


1200 




1150 


ZrN 


1220 




1170 


TaN 


1100 




1030 


TiAlN 


1160 




1080 


TiC 


1170 




1100 


ZrC 


1180 




1120 


WC 


1210 




1160 


TaC 


1190 




1140 



While this example illustrated a plurality of gas 
flow grooves which are parallel and straight, it is also 
possible to make various modifications, such as the formation 
of a plurality of curved portions in the midway of the gas 
flow grooves running from the gas inlet openings to the gas 
outlet openings and a structure where a center manifold 
aperture and an outer manifold aperture are connected with a 
spiral gas flow groove like the shell of a snail. 

Moreover, in this example, while SUS316 was used as 
the metal substrate of the separator plate, it is also 
possible to use other stainless steel, Al, Ti, etc. 



Example 2 

In this example, "the conductive film was formed in 
an island pattern on the metal substrate of the separator 
plate. FIG. 7 shows the cross section in the process of 
forming the island- like conductive film. The island- like 
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conductive film 2 was formed on the metal substrate 1 {a in 
FIG. 7) under the same conditions as in Example 1 except that 
the film forming time was 2 to 6 minutes. Subsequently, a 
diffused layer 3 was formed below the island-like conductive 
film 2 (b in FIG. 7). In other words, the heat treatment was 
performed under the conditions of the heating temperature of 
300°C and the treatment time of 20 minutes, under a vacuum 
atmosphere (0.1 Pa or less). The area of each island-like 
conductive film 2 was 0.04 mm^, and the percentage of all of 
them was 50% in the area ratio. The conductive film 2 ccin be 
used as the separator plate even in the state shown in (b) of 
FIG. 7. However, a further heat treatment was performed at 
250*0 for about 1 hour in the air. As a result, a corrosion- 
resistant film 4 made of a metal oxide grew in a portion that 
was not coated with the island- like conductive film. For 
example, when Al is used as the metal substrate, an aluminum 
oxide film will grow as the corrosion-resistant film, while, 
when Ti is used as the metal substrate, a titanium oxide film 
will grow as the corrosion-resistant film. Besides, when 
stainless steel is used as the metal substrate, a chromium 
oxide film will grow as the corrosion-resistant film by 
applying a chemical treatment using nitric acid, etc. The 
chemical resistance of the metal substrate of the separator 
plate is significantly improved by these corrosion-resistant 
films . 

Fuel cells similar to those of Example 1 were 
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assembled using the metal substrates which were surface- 
treated as described above in the separator plates; and, 
like Example 1, each of the fuel cells was held at 85'C, 
and a hydrogen gas which was humidified and heated to a dew 
point of SS'C was supplied to the anode and the air which 
was humidified and heated to a dew point of 78^; was 
supplied to the cathode so as to carry out the continues 
power generation tests under the conditions of the fuel 
utilization ratio of 80%, the oxygen utilization ratio of 
40% and the current density of 0.5 A/cm^. Table 5 shows 
the relationship among the types of the metal substrate, 
conductive film and corrosion- resistant film and the cell 
outputs at the initial stage (10 hours later from the start 
of operation) and upon passage of 8000 hours of the 
operating time. By introducing the diffused layer and the 
corrosion-resistant film, it was possible to reduce the 
change in the output voltage with time. 

Table 5 

Island- like Metal Corrosion- Output (W) 

conductive separator resistant Initial 8000 hours 



film film stage later 

TIN SUS316 CraOa 1100 1010 
Ti Ti02 1080 1000 
ZrN SUS316 CrzOa 1150 1090 
Au SUS316 CraOa 1180 1110 
Pt SUS316 CraOa 1170 1100 
TiAlN SUS316 CrzOa 1020 950 
Al AI2O3 1000 930 
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Example 3 

An intermediate layer 5 with a thickness of 0.01 to 
0.05 lam was formed on the substrate 1 of the separator plate 
by rf -magnetron sputtering (a in FIG. 8), and then a 
conductive film 6 was formed in the same manner as in Examples 
1 and 2 (b in FIG- 8). The conditions for forming the 
intermediate layer 5 are shown in Table 6. The metal 
substrate used here was stainless steel SUS316. The purpose 
of forming the intermediate layer was to improve the adhesion 
between the metal substrate and the conductive film and also 
to prevent pinholes. The intermediate layer was made of a 
thin film of a metal element constituting the conductive film. 
In other words, Ti was formed as the intermediate layer for a 
Tin-based conductive film, while Zr was formed as the 
intermediate layer for a ZrN conductive film. 



Table 6 



Initial layer material 



Target 



Film thickness (pm) 



Ti 
Zr 
Ta 
W 
Cr 



Ti 
Zr 
Ta 
W 
Cr 



0.05 
0.05 
0.05 
0.05 
0.05 



Film foirming conditions 



Substrate temperature: Non-heating to 200''C, 



Ar = 20 seem. Plasma power: 200 W, 



Film forming time: 2 to 5 min. 
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Fuel cells similar to those of Example 1 were 
assembled using the conductive metal separator plates on 
which the intermediate layers and conductive films were 
formed as described above, and the continuos power 
generation tests were carried out under the same conditions 
as in Example 1. Table 7 shows the cell outputs at the 
initial stage (10 hours later from the start of operation) 
and upon passage of 8000 hours of the operating time. By 
introducing the intermediate layer, it was possible to 
reduce the change in the output voltage with time. Besides, 
when a diffused layer resulting from diffusion of the metal 
element of the intezmediate layer into the metal substrate 
was formed by heat-treating each of the conductive metal 
separator plates having the intermediate layer and 
conductive film, at a heating temperature of 300°C for 60 
minutes under a vacuum atmosphere (0.1 Pa or less), the 
outputs after the passage of 8000 hours of the operating 
time were improved by 10 to 30% from Table 6. 



Table 7 

Conductive film Initial Output (W) 

layer Initial stage 8000 hours later 

TiN Ti 1200 1150 

ZrN Zr 1220 1170 

TaN Ta 1100 1020 

TiAlN Ti 1160 1080 

Al 1130 1040 



Example 4 
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Like Example 3, an intermediate layer 7 with a 
thickness of 0.01 to 0.05 pan was formed on the metal substrate 
1 of the separator plate by rf -magnetron sputtering (a in FIG. 
9). Thereafter, n layers of conductive films 8-1, 8-2, .... 
and 8-n were formed on the intermediate layer 7 (b in FIG. 9). 
The percentage content of the metal atom in each of the 
conductive films was changed. In other words, the percentage 
content of the metal atom in the conductive film was decreased 
from the interface between the conductive film and 
intermediate layer 7 toward the direction of the sircface of 
the conductive film. No problem will arise even when a 
structure where the percentage content of the metal atom is 
decreased continuously is used. 

As the method of controlling the percentage content 
of the metal atom in the conductive film, a method that 
controls the flow ratio of N2 in a sputtering gas and a method 
that controls the rf power were used. Table 8 shows the film 
forming conditions of the method that controls the flow ratio 
of N2 in the sputtering gas, and Table 9 shows the film 
forming conditions of the method that controls the rf power. 
In the method that controls the partial pressure of N2 in the 
sputtering gas, n = 6, i.e., six layers of the conductive 
films were stacked, while, in the method that controls the rf 
power, n = 4, i.e., four layers of the conductive films were 
stacked. Note that it is also possible to continuously change 
the percentage content of the metal atom in the conductive 
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film by continuously changing a film forming parameter, and it 
is apparent that this is effective for the present invention. 



Conductive 

film 

material 



Tcirget 



Film thickness of 
each layer (pm) 



N2 flow ratio 



N2/(N2+Ar) 



TiN 


Ti 


0. 


.07 


0,0. 


.1,0. 


.2,0. 


.3,0, 


.4,0. 


,5 


ZrN 


Zr 


0. 


.07 


0,0. 


.1,0. 


.2,0, 


.3,0, 


.4,0, 


.5 


TiAlN 


Ti+Al 


0. 


.07 


0,0. 


.1,0. 


.2,0, 


.3,0, 


.4.0. 


.5 


TiZrN 


Ti+Zr 


0. 


.07 


0,0. 


.1,0. 


.2,0. 


.3,0, 


.4,0. 


.5 


TaN 


Ta 


0. 


.07 


0,0. 


.1,0. 


.2,0 


.3,0, 


.4,0. 


.5 


WN 


W 


0. 


.07 


0,0. 


.1,0, 


.2,0 


.3,0. 


.4,0. 


.5 


CrN 


Cr 


0. 


.07 


0,0. 


.1,0, 


.2,0 


.3,0, 


.4,0. 


.5 



Film forming conditions 



Substrate temperature: Non-heating to 300°C, 
Ar+Na = 20 seem. Plasma power: 200 W, 
Film forming time: 6 min. 



Table 9 



Conductive 

film 

material 


Target 


Film thickness of 
each layer (pm) 


rf power (W) 


TIN 


Ti 


0.1 


50,100,200,300 


ZrN 


Zr 


0.1 


50,100,200,300 


TiAlN 


Ti+Al 


0.1 


50,100,200,300 


TiZrN 


Ti+Zr 


0.1 


50,100,200,300 


TaN 


Ta 


0.1 


50,100,200,300 


WN 


W 


0.1 


50,100,200,300 


CrN 


Cr 


0.1 


50,100,200,300 



Film forming conditions 



Substrate temperature: Non-heating to 300°C, 
Ar/N2 = 18/2 seem. Film forming time: 8 min. 



The purposes of introducing an inclination in the 
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percentage content of the metal element in the conductive film 
were to improve the adhesion between the metal separator and 
the conductive film, relax the residual stress on the film, 
and prevent pinholes . As a result , the stability of the 
outputs of the fuel cells was significantly improved. As the 
intermediate layer, a thin film of a metal element 
constituting the conductive film was used. In other words, Ti 
was formed as the intermediate layer for a TiN-based 
conductive film, while Zr was formed as the intermediate layer 
for a ZrN-based conductive film. 

Like Example 1, fuel cells were assembled using 
the conductive metal separator plates, each of which had 
the intermediate layer and an inclination in the percentage 
content of the metal element in the conductive film, and 
the continues power generation test was carried out under 
the same conditions as in Example 1. Table 10 shows the 
cell outputs at the initial stage (10 hours later from the 
start of operation) and upon passage of 8000 hours of the 
operating time. With the structure where the intermediate 
layer was introduced and an inclination was provided in the 
percentage content of the metal element in the conductive 
film, it was possible to reduce the change in the output 
voltage with time. Be&ides, when a diffused layer 
resulting from diffusion of the metal element of the 
intermediate layer into the metal substrate was formed by 
heat-treating each of the conductive metal separator plates 
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having the intermediate layer and conductive film at a 
heating temperature of 300°C for 60 minutes under a vacuum 
atmosphere (0.1 Pa or less), the outputs after the passage 
of 8000 hours of the operating time were improved by 10 to 
30% from Table 10. 



Table 10 



Initial 


Conductive 


Control 


Output (W) 


layer 


film 


method 


Initial 


8000 hours 








stage 


later 


Ti 


TiN 


N2 flow ratio 


1150 


1100 






rf power 


1120 


1050 


Zr 


ZrN 


N2 flow ratio 


1200 


1160 






rf power 


1180 


1130 


Ti 


TiAlN 


N2 flow ratio 


1110 


1060 






rf power 


1090 


1020 


Al 


TIAIN 


N2 flow ratio 


1090 


1040 






rf power 


1070 


1000 



cii ■ . . 

Example 5 

Three kinds of conductive separator plates were 
fabricated in the same manner as in Example 1. except that 
stainless steel SUS316L was used as the substrate and 
conductive films composed of TiN, TiAlN, and TiC, respectively, 
were formed. The conditions for forming these conductive 
films were as follows. TiN, TiAlN and TiC were used as the 
targets, and 1 pm-. 1.2 pm- and 1 pm- thick films were formed 
by rf -sputtering at the film forming rates of 1.5 pra/hour, 1.0 
pm/hour and 1.5 pm/hour, the substrate ten^eratures of 500*0, 
300°C and 500t: and the sputtering power of 400 W, 300 W and 400 
W, respectively, under an argon atmosphere of 4xio'^ Torr. 
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Meanwhile, the electrodes were fabricated as follows. 
First, a 400 pm thick carbon nonwoven fabric was impregnated 
with an aqueous dispersion of a fluorocarbon resin and heat- 
treated at 400^: for 30 minutes so as to impart water 
repellency. A platinum catalyst was ceirried on a carbon 
powder in a ratio of 1:1 by weight, and a slurry of the 
resultant was applied to one surface of the carbon nonwoven 
fabric so as to form a catalyst layer. Fuel cells, each of 
which was made of a stack of 50 cells, were assembled in the 
same manner as in Exan^le 1 except for the above-mentioned 
conditions. Then, their outputs at the initial stage and upon 
passage of 8000 hours of the operating time were examined 
under the same conditions as in Example 1. Table 11 shows the 
results. The lowering of the outputs were significantly 
limited though the results were not so superior as compared to 
the results shown in Table 4. When a film that is composed 
only of an interstitial compound is to be formed on the metal 
substrate, its appropriate thickness is within a range of 120 
angstrom to 1 pm. 



Table 11 



Conductive film 


Output 


(W) 






Initial stage 


8000 


hours later 


TiN 


1220 




1150 


TiAlN 


1180 




1050 


Tie 


1050 




980 
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Industrial Applicability 

As described above, in accordance with the present 
invention, in place of a conventional, carbon plate cutting 
method, it is possible to use a metal material, such as 
stainless steel, as a separator plate without cutting, thereby 
achieving a significant reduction in the cost in mass 
production. Moreover, the separator plate can be made thinner, 
thereby contributing to the realization of a more compact cell 
stack. Furthermore, since the corrosion resistance of the 
metal substrate is improved by forming an Intermediate layer 
between the metal substrate of the separator plate and the 
conductive film, it is possible to itnprove the output 
stability of the fuel cell during long-time operation. 
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CLAIMS 

1. (Amended) A polymer electrolyte fuel cell 
comprising : 

a polymer electrolyte membrane; 

an anode and a cathode sandwiching said pol3mier 
electrolyte membrane therebetween; 

an anode- side conductive separator plate having a 
gas channel for supplying a fuel gas to said anode; and 

a cathode- side conductive separator plate having a 
gas channel for supplying an oxidant gas to said cathode, 

wherein each of said anode-side and cathode-side 
conductive separator plates comprises a metal plate, an 
oxidation-resistant conductive film covering partially or 
entirely a surface of said metal plate facing said anode or 
cathode, and a diffused layer resulting from diffusion of a 
material of said conductive film at an interface between said 
metal plate and conductive film, cind 

said conductive film comprises a nitride or carbide 
of an element selected from the group consisting of Ti, Cr, Zr, 
Al, Ta and W, or a noble metal. 

2. (Deleted) 

3. (Deleted) 

4. (Deleted) 

5. (Amended) The polymer electrolyte fuel cell as 
set forth in claim 1, wherein said surface of said metal plate 
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facing said anode or cathode is coated with said conductive 
film in an island pattern, and a corrosion-resistant film is 
formed in a portion of said metal plate where said conductive 
film is not formed. 

6. A polymer electrolyte fuel cell comprising: 
a polymer electrolyte membrane; 

an anode and a cathode sandwiching said polymer 
electrolyte membrane therebetween; 

an anode- side conductive separator plate having a 
gas channel for supplying a fuel gas to said anode; and 

a cathode- side conductive separator plate having a 
gas channel for supplying an oxidant gas to said cathode, 

wherein each of said anode-side and cathode-side 
conductive separator plates comprises a metal plate, an 
oxidation-resistant conductive ccHupound film covering a 
surface of said metal plate facing said anode or cathode, and 
an inteannediate layer con5>osed of a metal element constituting 
said conductive con5>ound at an interface between said metal 
plate and conductive compound film. 

7. (Amended) The pol3?mer electrolyte fuel cell as 
set forth in claim 6, wherein said conductive compound is 
composed of an interstitial compound. 

8. (Deleted) 

9. (Amended) The polymer electrolyte fuel cell as 
set forth in claim 6, wherein said conductive compound film 
has a change in a component ratio of an element constituting 
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said conductive compound film from an interface between said 
conductive compound film and said intermediate layer toward a 
stirface of said conductive compound film. 

10. (Amended) The polymer electrolyte fuel cell as 
set forth in claim 6. comprising a diffused layer resulting 
from diffusion of a metal element of S£a.d intermediate layer, 
at an interface between said intermediate layer and metal 
plate . 

11. (Deleted) 

12. (Amended) The polymer electrolyte fuel cell as 
set forth in claim 1, 6 or 11, 

vdierein said anode -side conductive separator plate 
coinprises a metal plate having grooves or ribs for guiding the 
fuel gas on its surface facing said anode, and an insulating 
sheet that forms a gas channel for guiding the fuel gas from 
a fluid inlet opening of a supply side to a fluid outlet 
opening of a discharge side on the stirface of said metal plate 
in cooperation with said grooves or ribs, and that has 
elasticity to function as a gasket for preventing the fuel gas 
from leaking out of said gas channel, and 

said cathode- side conductive separator plate 
comprises a metal plate having grooves or ribs for guiding the 
oxidant gas on its surface facing said cathode, and an 
insulating sheet that forms a gas channel for guiding the 
oxidant gas from a fluid inlet opening of a supply side to a 
fluid outlet opening of a discharge side on the surface of 
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said metal plate in cooperation with said grooves or ribs, and 
that has elasticity to fimction as a gasket for preventing the 
oxidant gas from leaking out of said gas channel. 
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ABSTRACT 

A polymer electrolyte fuel cell comprises a 
separator plate having a gas channel for supplying an oxidant 
gas or a fuel gas to an electrode, said separator plate 
comprising a metal plate, a conductive film formed on the 
surface of the metal plate, and a diffused layer resulting 
from diffusion of a material of the conductive film formed 
between the metal plate and the conductive film. The fuel 
cell produces stable output free from corrosion or dissolution 
of the metal plate even in a long-term operation. 
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